Service integrators seek opportunities to align the way they manage resources in the service supply chain. Many business organisations can operate new, more flexible business processes that harness the value of a service approach from the customer's perspective. As a relatively new concept, cloud computing and related technologies have rapidly gained momentum in the IT world. This article seeks to shed light on service supply chain issues associated with cloud computing by examining several interrelated questions: service supply chain architecture from a service perspective; the basic clouds of service supply chain; managerial insights into these clouds; and the commercial value of implementing cloud computing. In particular, to show how those services can be used, and involved in their utilisation processes, a hypothetical meta-modelling service of cloud computing is proposed. Moreover, the paper defines the managed cloud architecture for a service vendor or service integrator in the cloud computing infrastructure in the service supply chain: IT services, business services, business processes, which create atomic and composite software services that are used to perform business processes with business service choreographies.
INTRODUCTION
Service science is the study of value co-creation interactions among entities, known as service systems. Within the emerging service science community, 'service' is often defined as the application of competences (resources) for the benefit of another. Service science can be thought of as integrating the various areas known as service management, service marketing, service operations, service engineering, service computing, service human resource management, service economics, management of service innovation, service supply chain, e-sourcing, and others [33] . Meanwhile, the service supply chain (SSC) is an important foundation for service science. Service supply chain providers service mechanisms for resource sharing, and technological mechanisms for novel business models. For example, service mechanisms can be based on a variety of notions such as purchase, lease, advertising, subscriptions, pay-per-use, transaction fees, taxation, or donations. Accordingly, the real challenge for future pervasive services is the investigation of principles, algorithms, and tools, through which this growing amount of distributed information can be properly represented, organised, aggregated, and made more meaningful, to facilitate its successful exploitation by pervasive services [6] .
However, as a general concept, supply chain integration has come in for a lot of criticism in recent years. A myriad constructs and measurements can be found in the literature. A supply chain can be viewed as an organisation plus its supply network, its distribution network, its alliance network, and its end consumers involved in procuring, producing, and delivering products and services to customers [14] . Organisations have traditionally taken a uniform approach to service network design in organising service activities to meet a single service standard. For some, the service network has been designed to meet on average the service requirements of all customers. For others, it has also been designed to satisfy the toughest requirements of a single customer segment. Neither approach can provide the service requirement for each segment in a cost effective fashion. Strategies and methodologies are needed to adapt supply chains to serve differentiated customers in a cost-effective way.
The computing world is currently moving rapidly towards developing software for millions to consume as a service, rather than running it on their individual computers. Cloud computing is an extension of a paradigm wherein the capabilities of business applications are exposed as sophisticated services that can be accessed over a network. Cloud service providers are incentivised by the profits to be made by charging consumers for accessing these services [5] . Since consumers' requirements for cloud services are varied, service providers have to ensure that they can be flexible in their service delivery while keeping the consumers isolated from the underlying infrastructure. The goal of this paper is to help decision-makers understand where cloud computing may be appropriate, and how to describe clouds for the service supply chain.
The remainder of this paper is organised as follows. The results of a literature review of related subjects are presented in Section 2. In Section 3, a service supply chain architecture from a service perspective is depicted. Section 4 describes the basic clouds of the service supply chain, and develops managerial insights into these clouds. Section 5 describes areas where an organisation needs to understand and evaluate the qualitative changes that a cloud would bring. Section 6 ends with the limitations of this study, and identifies opportunities for future research.
LITERATURE REVIEW
The service supply chain of today has developed through incremental change to traditional, mostly product-oriented practices, and as such has remained inefficient, ineffective, and insufficient as a guiding model for service supply chains that can successfully address contemporary requirements while making full use of current technological and other opportunities. For most services, elements of both product-and service-oriented operations need to be included [3] . Supply chain management (SCM) research and practices fit naturally with this service-centred view, because SCM is concerned with developing and integrating resources to create compellingly competitive value propositions. Information technology can support this service-centred view through distributing information and business processes throughout the value network [26] . Marketing management has also been moving away from its central manufacturing concerns [28] ; [16] to concerns with relationships, networks, and service [23] . The strategic mandate for a supplier is to find innovative ways to integrate the resources necessary for service provision [1] . These applied resources may be outsourced to other members (service vendors) of the value network or located in the organisation.
Supply chain management is significantly involved in coordination and collaboration with channel partners, who can be suppliers, intermediaries, third-party providers, or ultimate consumers. One of the strengths of a supply chain oriented collaborative technology is that it is said to foster information-and knowledge-based capabilities [30] . Mabel C. Chou et al. [8] explored a software-focused products and service supply chain, based on the practice of two leading global electronic manufacturing service providers and their major corporate clients. The service strategy literature ( [31] ; [19] ; [15] ) and the manufacturing strategy literature ( [2] ; [17] ) address the issues of supply chain configuration. Cohen et al. proposed a framework in which a decentralised structure matches a high service criticality, while a centralised structure matches a situation with low service criticality [10] . However, not much attention has been devoted specifically to the configuration of the service supply chain.
In addition, the emerging cloud computing paradigm is rapidly gaining momentum as an alternative to traditional IT, and is highly touted. As noted, there is little hope of obtaining consensus or a standard definition about just what constitutes a 'cloud' [29] . For example, Rochwerger et al. [in 38] proposed the reference model and architecture that systematically address some of those deficiencies and serve as a potential foundation for delivering its services as utilities over the Internet. Papers have emerged in human computer integration venues that have explicitly examined services [7] ; [11] ; [35] ; [27] . Nevertheless, the technology is being implemented commercially by numerous players such as eBay, Amazon, and Google [34] . Most importantly, web services are now being used in the delivery of some aspects of cloud computing; and this promises to deliver not only computing-related functionality but software as well, thanks to other relatively new technologies.
SERVICE SUPPLY CHAIN ARCHITECTURE
The key to service science is its interdisciplinary qualities. It does not focus only on one aspect of service. Instead, it sees service as a system of interacting parts that include people, technology, and business. Service science draws on ideas from a number of existing disciplines. They include computer science, cognitive science, economics, organisational behaviour, human resources management, marketing and operations research. The aim is to integrate the variety of perspectives that these different fields offer into one coherent whole. To highlight the interdisciplinary nature of the effort, IBM started an initiative in this area that it has called "service science, management and engineering" (SSME), as mentioned earlier [12] . In today's increasingly competitive business marketplace, business organisations face a difficult set of challenges. Some of the many challenges for any organisation -but especially for the information technology organisation -are the following: achieving a competitive advantage through applications and networks, increasing cost predictability, rapidly-changing infrastructure requiring constant technology updates and maintenance, and maintaining a stable corps of information technology (IT) professionals [12] . In response to these challenges, organisations need to make structural, operational, and cultural changes to become more service-oriented. They also need to transform their traditional and tightly-coupled business processes into more loosely-coupled services, and align them vertically with IT services that are sourced by virtual resources [4. The successful realisation of new business and operational models requires a holistic and integrated approach to IT, business process, and organisational structure.
Meanwhile, the service supply chain has developed incrementally while fully using current technological and other opportunities. Much of the technology within supply chains has been aligned with the automation of the process. One key element in managing the service supply chain is to have a clear knowledge and understanding of how the service network structure is configured. Similarly, on-demand provision of computing services, along with a cost model that charges customers based on actual service usage, has been an objective in distributed computing research and industry for a while. Cloud computing promises to deliver on this objective: customers are able to rent infrastructure as needed, deploy applications and store data on the infrastructure, and access the application and data via web protocols on a pay-per-use basis [22] . Cloud computing is primarily a new business paradigm for enterprises, rather than just a new technical paradigm in service supply chain management.
To show how those services can be used -and be involved in their processes' use -a hypothetical meta-modelling service of cloud computing can be given. Take, for example, the service supply chain with an IT infrastructure that caters for the needs of customers, service integrators, and service vendors, as shown in Fig.1 . Many activities use software services as their business basis in the service supply chain. These service integrators (SIs) make services accessible to customers or to the market through internet-based interfaces. Clouds aim to outsource the provision of the required computing infrastructure when customer service requests it. This infrastructure is offered as a service to the customer by the service integrator (SI), moving computing resources from the service vendor (SV) to the customer, so that the SI and the customer can gain flexibility and reduce costs.
As can be seen from this logical relationship, the service supply chain consists of service vendors (SVs), service integrators (SIs), and customers. The service vendors provide original service products or activities to the SIs who in turn sell value-added integration service to customers. For the meta-modelling services of cloud computing in the service supply chain, cloud vendors (service vendors) provide hardware or application of parts as a service to service integrators. The 'X as a Service' (XaaS) provider (service integrator) provides customers with the capabilities of a simple server (albeit a virtual one) in which the processing, network, and storage resources are controlled dynamically. More sophisticated clouds in XaaS clouds also provide useful management capabilities, programming environments, web service platforms, or access to particular applications. Customers can often acquire or relinquish processing power and storage in minutes, merely by sending a service request to the XaaS provider. The communication channel is virtual, in the sense that the XaaS provider capacity as demanded coming from its infrastructure platform.
CLOUDS FOR THE SERVICE SUPPLY CHAIN
Cloud computing is another paradigm shift, following the mainframe and client-server shifts before it. It describes a new supplementary consumption and delivery model for IT services based on the internet. It typically involves the provision of dynamically scalable -and often virtualised -resources as a service over the internet. There seem to be many definitions of 'cloud computing', allowing for the extraction of a consensus definition as well as a minimum definition containing the essential characteristics; but they mainly focus on certain aspects of the technology. A study by Vaquero et al. [36] discussed the concept of cloud computing to achieve a full definition of what a 'cloud' is, using the main characteristics typically associated with this paradigm in the literature. In fact, there seems to be no common standard or definition for cloud computing among more than 20 definitions [37] . A more commonly-used definition describes it as clusters of distributed computers that provide on-demand resources and services over a networked medium [34] . At a glance, most cloud computing infrastructure consists of reliable services delivered through data centres and built on servers. Clouds often appear as single points of access for all customers' computing needs to meet a specific service-level agreement via web service technologies.
Cloud features
For a service supply chain, the following features are commonly associated with XaaS clouds, which include the cloud features identified in many definitions in the literature. A XaaS user can be a consortium or participant [29] .
Resource outsourcing: Instead of consumers providing their own hardware, the cloud vendor assumes responsibility for hardware acquisition and maintenance.
Large numbers of service volumes: Clouds are typically constructed using large numbers of different service volumes. As a result, the cloud vendor can more easily add capacity and more rapidly align volumes as needed, compared with having service volumes in multiple circumstances. Generally speaking, these service volumes are as homogeneous as possible, in terms of both configuration and location in the service supply chain.
Utility computing:
The customer requests additional resources as needed, and similarly releases these resources when they are not needed according to their self-service demands. Different clouds offer different sorts of resources.
Virtualisation: Virtualisation is a key enabler of architecture as well as cloud applications. Hardware resources in clouds are usually virtual resources, shared by multiple services requests to improve efficiency. That is, several lightly-used logical resources can be supported by the same physical resource.
High level services: Clouds suffer a certain lack of high level services, which is probably related to the relative immaturity of the paradigm. Clouds leave these issues to be treated at the application level, although federated clouds will probably require several mechanisms to deal with these topics.
Scalability and self-management: Clouds are free programmers dealing with scalability issues. Clouds offer the automatic resizing of virtualised hardware resources. Scalability and self-management is simpler in a single administrative domain, but many problems can arise across organisational frontiers.
Cloud infrastructure for the service supply chain
As discussed above, when multiple customers' service requests from the market need to share data or a platform, the service integrators face the management difficulties of either heterogeneous underpinnings or being forced to acquire uniform systems. They still need to support hardware conventionally, with substantial delays and limited economy of scale. The service integrators deal with customers' service requests that may be hard to increase or decrease rapidly in capacity. However, clouds offer many management services similar to grids. Clouds also offer economies of scale and the ability to adjust service volume variations.
In the service supply chain, the service integrators (XaaS providers) effectively sell computation and storage resources as service commodities, providing customers with the illusion of a single virtual machine or cluster. For example, the customers control computational and storage capacity by sending a service request to add or subtract resources as needed, based on the Google Apps application platform. The release capacity is typically measured in minutes. To help explain how cloud computing can be used in the service supply chain, it is valuable to consider an architectural view of the building blocks typically found in a service supply chain. This framework is based on using software components to create atomic and composite software services that are used to perform business processes with business service choreographies, as shown in Figure 2 .
We define the architecture of the cloud managed for SV or SI in infrastructure of cloud computing based on the service supply chain: IT services, business services, business processes. The major functions (supporting or core) of a business -such as human resources or accounting -are defined as 'coarse grained services', and are referred to as 'business services' in cloud management. It can be divided into those that are common, industry-specific, and company-specific. These descriptions can be used to find services from the marketplace that may fulfill the requirements. The IT services represent the services that are offered in the cloud. Innovative approaches in service search technology are required to combine techniques, and to be highly scalable to index the many services that will be available in the cloud, allowing service seekers to offer potentially diverse constraints, transfers, and protection. Indeed, there is a need for approaches to tag the data directly with security and privacy policies so that the proper technical controls can be employed by the various clouds providers. Finally, the business process is a representation of the selection, design, integration, and composition of services that meet the requirements of the business environment outlined above. Emerging cloud services integration, such as that offered by Bungee Connect, has taken the first step by providing pre-defined connectors. However, it is inadequate for unsupported applications or complexes. To enable scaling of such approaches to the diversity of applications on the internet, a service integration development platform and marketplace has to be built.
Cloud computing refers to both the applications delivered as services over the internet, and the hardware and systems software in the data centres that provide those services. The services themselves have long been referred to as 'X as a Service' (XaaS); values of X that we have seen in print include infrastructure, software, database, and platform. However, through understanding the type of service offered by cloud computing, one begins to understand what this new approach is all about. Depending on the type of provided capability, we can summarise the four main types of service that can be offered by the cloud as follows (see Figure 2 ).
Infrastructure as a Service (IaaS)
: the SI manages a large set of computing resources, such as storage and processing capacity. Based on a service request from a customer, the SI is able to split, assign, and dynamically resize these resources to build ad-hoc systems, including remote delivery through the internet of a full computer infrastructure (virtual computers, servers, storage devices, etc.). At present, some companies are billed for their usage following a utility computing model, where usage of resources is metered. For example, HP flexible computing services provide computing and storage infrastructure as services for businesses. Amazon often offers EC2 (Elastic Compute Cloud) for computing power for small businesses and individual consumers where they can deploy and run their programs.
Software as a Service (SaaS):
Under this cloud, software applications are delivered as a service over the internet, and offered as services rather than as software packages that are purchased by individual customers. This is an alternative to locally-run applications. There are services that could potential interest SIs and SVs. This type of cloud service offers complete application functionality, installation, and maintenance of software in a local infrastructure. An example of a commercial application in this category is Salesforce.com, which offers its CRM application as a service on a pay-per-use or on a monthlysubscription-per-use basis.
Database as a service (DaaS):
Daas is a viable model with a good chance of emerging as a successful commercial offering for some applications. DaaS often adopts a multi-tenant architecture, where the data of many customers is kept in the same physical table on the cloud. An example of such a service is Amazon's SimpleDB, an internet-based database service that provides users with tools for application development, creating and loading tables, and performing queries and transactions. Also, in most cases, the database structure is not relational. The database service provider offers seamless mechanisms for organisations to create, store, and access their databases. For example, customers wishing to access data will now do so using the hardware and software of the service provider instead of their own organisation's computing infrastructure. This would alleviate the problem of purchasing, installing, maintaining, and updating software and administering the system.
Platform as a Service (PaaS):
PaaS is a paradigm for delivering operating systems and associated services over the internet without downloads or installation, providing facilities to support the entire application development lifecycle including design, implementation, debugging, testing, deployment, operation, and support of rich web applications and services on the internet. An example of a platform in this category is the Google Apps engine. Services can be obtained from diverse sources that cross international boundaries. Meanwhile, initial and ongoing costs can be reduced by the use of infrastructure services from a single vendor, rather than maintaining multiple hardware facilities that often perform duplicate functions caused by incompatibility problems. However, limited platform interoperability, and the limitations of programming platforms in supporting capabilities, are major concerns for those using these platforms. Nevertheless, overall expenses can be minimised by unifying the programming development efforts.
Concerns related to cloud computing
Cloud computing, as we noted earlier, is an emerging computing service paradigm. But there are uncertainties and concerns about the maturity of the technology, mainly vendor lock, performance, latency, transparency, security, privacy, reliability, etc.
In some cases, a service vendor may wish to include the right -but not the obligation -to stop the delivery of services, when the cost of doing such business becomes unprofitable. Option pricing methods typically emphasise the variations in the underlying costs of service delivery, and the extent to which they may become unfavourable to the vendor [12] . The application of value-at-risk thinking in the service management context suggests the vendor's desire to identify the value-optimising duration of a service contract [20] . If customers are dissatisfied with one cloud computing service, or of the SI goes out of business, then customers cannot necessarily transfer their services easily and inexpensively to another SI or bring their clouds back in-house. Instead, if customers or a firm bring their service clouds in-house, they are under pressure to hire employees with the skills to work with the technology, and to reformat or transfer service applications to a new SI -a potentially complex process.
IT managers are likely to be wary of surrendering control of their resource to outside providers who can change the underlying technology without the customers' consent. Issues relating to performance and latency are also cited as problematic [34] . Meanwhile there are no cloud computing standards for processes such as APIs processing data import and export. There are also difficulties with limiting the usage of data and applications in different systems.
Service vendors are trying to address their concern about capabilities by having their service volume audited in advance by the SI, and documenting procedures designed to address customers' demands. The SI can show who has access to data, and how to keep unauthorised personnel from retrieving service information. For cloud users, reliability may be an important problem. Cloud computing has not always been reliable. For example, Salesforce.com left customers without service for six hours on 12 February 2008. And Amazon's S3 (Simple Storage Service) and EC2 (Elastic Compute Cloud) services suffered a three-hour outage three days later [24] . Although most service vendors provide service credits for outages, resulting in missing business information that may threaten service opportunities.
In addition, internet connections for cloud computing can be a serious problem for users. For example, broadband internet connections are not fast or reliable enough for cloud computing to be dependable. If these are not available in every place, they are far from the service's central office at some times and in some areas. Also, there are not yet enough major cloud services providers, reducing the level of customer choice and marketplace competition.
THE COMMERCIAL VALUE OF CLOUD IMPLEMENTATION
Service providers and consumers need to establish efficient service products and the exchange of value in a way that emphasises co-creation [9] . Many see the huge potential of the technology to reduce the cost of IT through a pay-as-you-go model that will offer significant cost advantages, according to one view [25] . This would seem to be the case for cloud computing and management approaches. At the macro level, the viability of cloud computing remains to be seen. For example, even though other new technological approaches appear to be valuable, it is uncertain how long will it actually take for customers or the market to leverage the new infrastructures, platforms, business processes, and strategies to the point where sufficient value is added to recoup the large costs that are involved. This is true in spite of their inherent capacity to produce paradigm changes that should produce value in the long run; and so getting the timing right is important both within a firm, and also with respect to the market games it is forced to play with its external competitors. [32] The clouds infrastructure presents itself as an opportunity to improve the management outgoings for both SIs and customers. The solutions of XaaS clouds infrastructure facilitate the easing of cash-flow management for SIs, as the cloud pricing model has minimal upfront cost, and is also minimises the variability of expenditure on electricity. XaaS clouds infrastructure solutions also uncover many opportunities for managing income for customers, as new pricing models can be offered to them. This is a benefit, as customers can be offered more choice over how they want to pay. Alternatively the SI can choose to get the infrastructure outsourcer to bill their customers directly, reducing the SI's administrative burden. Meanwhile, XaaS clouds infrastructure solutions present an opportunity for service vendors and service integrators to create new service offerings that better fit the customers' need in terms of scalability and cost effectiveness. For service vendors facing potentially satisfying challenges, it is a benefit that would not have existed without the migration to cloud infrastructure. XaaS clouds infrastructure solutions present an opportunity for SIs to create new service offerings that may appeal to a larger market share, due to the clouds infrastructure's properties of scalability and its cost effectiveness. For a service vendor, support managers and engineers have opportunities to develop new skills in clouds that provide administration, which will expand their existing skill sets and experience with new knowledge of managing a technology that will be in demand. This is also beneficial to Sis, as it will expand their existing skill sets and experience, enabling their career progression.
The cost advantage of cloud computing is not just related to how much cloud providers or users can save by not buying and installing hardware and software and using less power. Users of cloud computing are more likely to reduce their carbon footprint significantly [34] . Energy costs and virtualised services offered by cloud computing may become especially appealing in an environment where there is a growing concern about the carbon footprint. In the UK, for example, increasingly stringent regulations (such as the carbon reduction commitment and the EU's energy-using products directive) are likely to put pressure on educational establishments to make ICT more sustainable [18] . In addition, the business environment and the organisational culture of different enterprises can play a big role in mitigating success and realising the commercial value of implementing cloud computing in the service supply chain.
CONCLUSION AND FUTURE WORK
Cloud computing is a disruptive technology that is set to change how IT systems are deployed, because of its apparently cheap, simple, and scalable nature [21] . The main contribution of this paper is our unique approach to the configuration meta-modeling of a service supply chain, based on cloud computing. To demonstrate how those services can be utilised, and to show the processes involved in their utilisation, a hypothetical meta-modelling service of cloud computing can be used. Moreover, to perform business processes with business service choreographies, we define the architecture of the cloud that is managed for SV or SI in the infrastructure of cloud computing in a service supply chain. We have analysed the commercial value of cloud implementation according to three categories: opportunities to manage income for customers, opportunities for service vendors and service integrators to create new service offerings, and opportunities for SIs to create new service offerings. In addition, the paper refers to the green credentials of the clouds in a service supply chain.
The paper presents only some initial academic research to meet the needs of the service supply chain. Major challenges to the service supply chain that should be investigated further include: (1) the integration of technological research and management into the service supply chain that presents exhaustive research on quantitative, qualitative, and experimental methods, case and field studies, and design science approaches and processes; (2) discussion of technological obstacles (e.g. software portability, cloud immaturity, and transition obstacles) in cloud computing that is suitable for a service supply chain; (3) some of the policies and criteria issues of data protection and data security according to different interpretations. Those problems would be good candidates for future research.
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